The facile synthesis of a series of α-aminonitriles by a one-pot three-component condensation of carbonyl compounds, amines and TMSCN in MeCN in presence of a catalytic amount of rhodium chloride at ambient temperature in high yields is described.
α-Aminonitriles are important building blocks for the synthesis of a variety of organic compounds such as amino acids 1 , thiadiazoles and imidazoles 2 . α-Aminonitriles have been used to synthesize 4-amino-2,3-dihydroisothiazole-1,1-dioxides 3 and reports indicate the versatility of these compounds as intermediates in the preparation of highly substituted amines and the use of α-aminonitriles as precursor of new azaspironucleoside analogues of TSAO 4 . They have been synthesised by the nucleophilic addition of cyanide anion to imines, the classical Strecker synthesis provides one of the most important methods which is generally carried out with alkaline cyanides in aqueous solution which has some limitations. Consequently, several modifications of the Strecker synthesis have been reported using a variety of cyanating agents such as α-trimethylsiloxynitriles and diethyl phosphorocyanides under various reaction conditions. Trimethylsilylcyanide (TMSCN) is a cyanide anion source and provides promising and safer routes to this class of reactions.
On the other hand, three-component condensations are interesting and important, because of the usefulness in the preparation of a broad variety of organic compounds. Recently, one-pot procedures for , and montmorillonite KSF clay 13 . Some of these systems still have a few drawbacks including low yields of products, long reaction times, harsh reaction conditions, the requirement of an inert atmosphere, use of highly toxic reagents like HCN or KCN and also require tedious work-up leading to the generation of a large amount of toxic waste. Therefore, there is a need for clean procedures for the synthesis of α-aminonitriles.
In the past 20 years, there has been dramatic growth in the use of transition metal catalysts in synthetically important organic transformations. Rhodium has been proved to be extremely useful due to its ability to catalyze an array of synthetic transformations, with quite often unique selectivity. Hydrogenation 14 , C-H activation 15 , allylic substitution 16 and numerous other reactions are catalyzed by this metal, which presumably accounts for the dramatic increase in the number of articles that have recently emerged on the topic.
Results and Discussion
In view of the importance of α-aminonitriles as described above, herein is reported a clean procedure for the synthesis of a variety of α-aminonitriles under mild conditions. The reaction is efficient and proceeds with high yield at RT either by the addition of a primary amine to a mixture of aldehyde/trimethylsilyl cyanide (TMSCN) or by the addition of an aldehyde to a mixture of amine/TMSCN in acetonitrile in presence of a catalytic amount of rhodium chloride as shown in Scheme I. The combination of benzaldehyde, aniline and TMSCN was chosen for a representative reaction performed in the presence of catalytic amount of RhCl 3 in various organic solvents viz methanol, dichloromethane, dichloroethane, tetrahydrofuran, ethanol and acetonitrile. The reaction occurred smoothly at ambient temperature giving the corresponding α-aminonitrile in high yield (86%). A range of solvents were examined and acetonitrile emerged as the superior medium.
The condensation of different aldehydes and amines was performed under the above conditions and reaction was completed within 1 to 1.5 hr. The course of reaction was monitored by thin layer chromatography. All the products obtained (listed in Table I ) by this system were characterized by comparison of their melting points/physical state, TLC, IR and 1 H NMR spectra with authentic samples.
Experimental Section
All the reagents including rhodium chloride were purchased from Merck and BDH. The solvents were of analytical grade or were purified according to standard procedures. TLC were run on silica gel plates obtained from Whatman Inc. All reactions were performed under ambient atmosphere. Melting points were obtained with Büchi B-540 apparatus and are uncorrected. IR and 1 H NMR spectra were recorded on Nicolet 400D FT-IR and Bruker AMX (200 MHz) spectrometers, respectively. GC analyses were performed on a Shimadzu GC-MS QP 5050A instrument. Yields refer to the isolated products after purification by column chromatography using 60-120 mesh silica gel with 15 : 85 :: ethyl acetate : hexane (v/v) as the eluent.
General procedure for the synthesis of 3a
A mixture of benzaldehyde (212 mg, 2 mmoles), aniline (186 mg, 2 mmoles) and trimethylsilyl cyanide (3 mmoles) in acetonitrile (10 mL) was stirred at RT in the presence of RhCl 3 (15 mg, 35 mol %). After completion of reaction (TLC), the solvent was removed in vacuo, quenched with water (10 mL) and the crude product extracted with ethyl acetate (3 ×10 mL). The organic layer was washed with water (20 mL) and brine (20 mL) respectively, then dried using anhyd. MgSO 4 and concentrated. The residue was chromatographed over silica gel (ethyl acetate: hexane ::1.5: 8.5) to afford the pure product 3a. 
Conclusion
In conclusion, a facile and efficient route for one-pot three-component condensation of carbonyl compounds, amines and TMSCN in acetonitrile in presence of a catalytic amount of rhodium chloride without the need of inert atmosphere has been demonstrated. Most of the reactions were completed in less than 1.5 hr at ambient temperature and the products were found to be analytically pure. Furthermore, the RhCl 3 /MeCN system is more effective than the earlier methods. This procedure will therefore be of general use and interest to the synthetic chemistry community.
